• Network meta-analysis (NMA) of clinical trial outcomes is usually based on Bayesian statistics and hence requires software for Monte Carlo Markov chain (MCMC) sampling.
• The most common choice of software for NMA is currently WinBUGS, in part because there is a large body of WinBUGS code for NMA in the literature.
• However, WinBUGS can be slow and difficult to use -the error messages are often unclear and the language does not allow for vector operations or if/then statements.
• This project aimed to identify and evaluate alternatives to WinBUGS for use in Bayesian network meta-analysis.
• Specifically we were interested in software that was suitable for applied statistical analysis in the setting of a statistical consultancy.
• We identified candidate alternatives for evaluation via journal articles and websites.
• We performed an evaluation of the candidates against a set of criteria:
• ease of use,
• flexibility, Designed for models that were too complex for BUGS or JAGS to handle efficiently. Operated from the command line or from within one of many other software packages.
R R is open source software for statistics.
• GeMTC An R package specifically designed for fitting NMA models. Requires WinBUGS, OpenBUGS or JAGS.
• MCMCpack An R package for fitting specific types of MCMC models.
• LaplacesDemon A very flexible R package for MCMC models.
Julia
Julia a open source programming language for data science.
• Mamba A very flexible Julia package for fitting MCMC models.
Python
A general purpose open source programming language • PyMC A Python module for Bayesian inference.
SAS
SAS is a commercial software package for statistics, with licensing fees starting from approximately £4,000/5,500€.
• PROC MCMC A flexible package for Bayesian inference.
• JAGS, PyMC and Stan were identified as potential alternatives to WinBUGS.
• Of these three options we felt that Stan was the best alternative for us because:
• It uses the latest available MCMC methodology: Hamiltonian Monte Carlo (HMC) and no-U-turn samplers, • It has a flexible modelling language, including if/then statements and vector operations, • It provides useful error messages, • It is being actively developed and updated, • It is clearly documented with a 500+ page manual, and • It integrates with R for producing publication quality graphics.
• The use of NMA has grown rapidly in recent years, and more complex models are becoming increasingly common.
• WinBUGS is currently the most common choice of software for Bayesian NMA models, and whilst it is satisfactory, it can be difficult to use.
• We found Stan, an open source program for MCMC sampling, to be the best alternative to WinBUGS for our NMA work.
• Stan provides an excellent balance of model flexibility, allowing for manual user specification, and is easily integrated with R for producing publication quality graphics.
• We found it straightforward to learn because it is accompanied by an extensive user manual and provides helpful error messages. • Models for two-arm studies, and models allowing for multi-arm studies • Fixed effect and random effects models • Normal models
• NICE examples 5a, 5b, 7a and 7b.
• Individual arm data and difference data • Fixed effect and random effects models • All models allowed for multi-arm studies • The results for example 5a are shown in Table 1 . We were able to closely replicate the example using Stan.
• Similar results were obtained for all other models 
